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(54) Thlci COMPUTER SYSTEM WITH DUMMY DRIVE FOR OPTIMAL COOJUNG EFFICIENCY 

100 




($7) Abstract 

A data processing system or data storage system to be connected to a processor require cooling of electronic components. Systems 
with unused disk drive slots are mounted with dummy disks to provide an air flow resistance effective to substantially duplicate the air flow 
of a functional disk drive located In a disk drive bay. Cooling air flow in directed to functional components for maximal cooling efficiency. 
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TITXE: COMPUTER SYSTEM WITH DUMMY DRIVE FOR OPTIMAL COOLING EFFICIENCY 

BACKGROUND OF THE INVENTION 

5 

1. Field of the Invention 

The invention is milted to the field Of computer systems, andtnorapaitimilarly m ah flosrcoolmg of 
compiler systems configured to contain si tost one disk drive. The invention is also related m computer 
subsystem configurations, and the maintenance of optimal sir flow and cooling of runottonal components In . 
10 computer system that contains unused disk drive slots. 

2. Description of me Relevant Art 

A typical computer system includes multiple electron* components, including a cenonl pressing 
unit or "pmeessor*. positioned within an enclosure sad data stance component! toch a* disk drives. Certain 

15 systems include cxremal or internal data ■torage subsystems thst are variously configured Such subsystem. 
„»y include s RAID (redundant array of inexpensive disks) or s JBOD (put a box of dub) configuration, and 
may include multiple electronic components including disk drive m h ssvmmic s . During operation, such 
electronic components disripate electrical power (i.e.. transform electrical energy into he* energy)- Alms 
amc time, several key operating parameters of semiconductor electronic devices typmslry vary with 

20 temperature, *nd iridic device operation within specifications cecum only wimin a defmed operating 
tesnpomniiemnge. For example, spewed performance of a ptocesa™ typically achieved only when me 
tanpeisnjre of die processor is rna^ Operanon of the 

processors! a temper^ above the 

processor. In sedition, it has been established that the reliabilities of semicoadiKtor electronic devices decree 
25 with increasing operating temperature. 

" The heat energy produced by electrode ooo*c«miis during operanontm^ 
■mnounimrginmiemaurste^ As component 

soeetls and eapabihtiea tncreaite, so does m^ 

operation. Cooling mechanisms enajloyed by computer sy*cms must thus transfer more heat energy from the 
30 computer system enctoaare to the surrounding ambient. 

A hard disk drive enclosure is often an external cabinet that contains multiple bard drives for data 

storage and is conneeted to a computer system. Siieh a cabinet insy oa^ m«y disk Ai« slots, each 

configured to receive S disk drive. Often a system is sold wim less than the fimc^nmity of diidrrvea,mns 

leaving some of the itoamujecup^ 
35 system ma bard disk drrveerictosiiieUcri 

when »n the disk drive slots contain ihMtienal disk drives. When an ewliistne is 

^.^^m, mimb^f of drives installed, the unoccupied areas of the cabinet may cause an imbalance in the 
ah flow, to a sysim wim leas than tne full eaptciV 

tbHMgb me large gaps within the system reserved fm mnm disk drive mstalUsm^ 
40 me installed, functional disk drives where the cooliflg 13 needed. 
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StJMMARY OF THE INVENTION 
The problems outlined above are in large put solved by a computer or data storage system mat 
includes one or more dummy drives fox installation in drive «x ^i^. A d» dnv^ 

H disused hoxem, may nave a stuma the. subway duplicates to thmwfima^ ^ ** *««. 
5 panicky a bard disk drive, xnchidmg the hard drive ^cmbly (HDA) and airy b-ckets, camera, or latching 
mcrf ^a*t,»«ybo.t«^.o.hudd^ 
nnocc^ disk drive s*m.sy«en^^ 

nmedoual disk drive (hat may or nay aiewa^m&touv^t^^V***™'*** 
dcive.tot.bav^dummy drive tostnUed, tbe interior oftto^l-e eubatanri^y tte aa (towcl^e^nca 
,0 ofaS y^vrimafidle^chyofnn^ 

the functional di&k drives at maxtmal efficiency- Ab new functional disk drives aro add=d to the Hyarem, a 
dummy dnve in fcc elected rim may be removed and repta-d witb ft* firccncaal <hsk dnvo. It « .ho 
nndcr^ Otitis nor re<«ired«^^ 

« orfer to improve tbe ah- flow and cooling efficiency of toeyatem. Any uaeofoncorinoTeduiinnydnveaes 
15 disclosed herein wmddfaU within the spirit ^ scope of ih«p.eaentdiaelosuxe. 
In certain eiBbodimentasdmmy drive as <biclo^ 
u^oAbr with tbe connectors disabled or removed. F.ffc*^,^. hard drive aaaea^iMybryeflie 
cma^removed.orn.imtoeludeeh^ 

THe bard drive assembly would thus have tbe or, ter stope of a disk drive and wo^l- effect mtb*|«eetice 

20 oftnepreiembrveotioiLDw 

polymer, a poryioam pUruc, a polystyrene or eve* esp^ided polystyrene material. Tbe material may preferably 

befWretardanrsoaawp^appro^ 

^"ntT^m, * T ^ A /4rtrrwT\y rh-iwg& may be derided to mimic tbe appearance of fopctionel drives mclodmg any 
bracks earner, latchorotberattacbn^ 
25 ato^ to atari drive aseeinbly to order to ctmi^ 
geonaetry subttanti^ dtmlieutoxg the ^ 

ijjto a dummy drive. A dummy drive oiay also include instruction* molded into or attached to each dummy 
drive for installation, removal end/or replacement of tbe dummy drives as necessary. It is contemplated thai tbe 
dmamy drives may be discarded when they mc replaced In the ayatcm wim functional drive*. 
30 drives as disclosed heremm^^ 

cx^di^dxivr*, partly 
are not Ihmied mperaorial oonvutera, any e^ 

with connection to stub a device, and extern* mass smrege devices. Son» such 
disk drives connecied m a manner Imown m 
35 <jui«aboxofdiska)orbyorherecmnyiM^^ 
omsa d^ «t^c. Extend data stora^ 

tack mounted cabmeta that me configured to M«atoaiinmberofdiikdrives. 
talieatw a disk m which d» smraje xne*a is not mun^ 

witb a floppy disk or a CD-ROM. Tbe definition of a bard drive does iaetode a ^ swap" m^swappable" 
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drive in which me «mre bard drive i, icmovsblc by the operator for ««. overnight storage, for example. As 
usedhetem a <li«k drive -.tot" is meant to mdica* - -pa* P»vided for mualUdoo »f idi* drive, include 
any nib. channels, or other configuration mccrporetec into a cabinet or <^*t* » Bcconm^te amskdrive. 

f BRIEF DESCRIPTION OF THE DRAWINGS 

Tn* following drawmgs form pan of the 
certain aspects of the present frveation. The invention n»y be better unitotood by leftreBoew 
tfccM drawings in combm^ 

HO. 1 isaperspeenve view of en exploded external dam atuxago systm eomsgi^ to eontam 8 diak 

10 drives. 

FIG. 2 is e perspective view of > data storage system with sevcssl empty hard drive riots. 
FIG. 3 is * perspective view of a deia storage system with one empty herd drive slot. 
FIG. 4 is a perspective view of a data storage system with 8 hard drives installed and 4 dummy drives 
installed. 

15 

DgXAD^gP nrariMP TlftN OF THE PREFERRED EM BODIMENTS 
Fignte 1 ban exploded view of an embodiment tf an external daastoiB^ 
configured to connect to a processing tmh. The device includes side skies 40i a bocmn 42, a top 44. and feet 4e\ 
The rt*pand is not showo. The eoclmg system**^ 
20 ^tfKsideaofthoroarpoTtmnofmcc^mtt^^ 
f^comTgured such that the mtakc. 14^ 

shown in the drawing) end a controller board (not shown) ftat provide, cmmeetiooi^ltadi^ 
processing unit The frn cxhasm openings are wihn rear 18 of tteiM 

chsmbex22f^(bediA.biv C bsyT.24.Tlv : cebii^ lOdnnvninFigm* 1 «de«gned Wbalddgm 1.6"disk 
25 drive* as cache seen by me mgUcmmeci^ 

enrage cabinet may provide slots and coenecwrs fox twelve 1" disk 4ivea.C)feom«.tnenmnber ami ^ of 

(he drives is dependent on me sia end design of me eilmiei. and any cabmet oi device «mfi^ 

emmections f« a hanl disk drive couU emlwdy to 

ttttdetaoodtoany size or shape of disk diive 
30 replsMaflyenmodmKmofamndional^ 

disclosure. 

that contain Such device wmiU infi^ 

35 conqnit^Miycoit^^ 

device, and «nnnaJ maaa rtrxftgc device* w shown berem. Some iuch<k>^ conlain «ray» of bard disk 

box of diala) or by o&Brt^oir^ 

data storage. A RAID system includes mirrored data on more than one difk to provide backup in the evewx tint i 
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disk becomes inopraablB or otherwise unreadable. A JBOD configuration includes multiple disks connected to a 

pro ce^, but each individual 

mdwuiantBrmrnaldamstomgedev^^ 

mounted cabinets mat ait configured to certain a rnrnber of disk clrives. 

to te cabme 1 shown in Figure 1 , the disk drives mod m tbe b«»s2oio vertical oriematicm^co^ect 
^aan^ldonti* connector b<^ 
incl ndesebe^ 28aod.doc* 30. Att^tn^ 

(he air cooling eyitenL In tire pictared ernbodimem the cooling air flow is drawn io through the grill 32. passes 
over and around tbe disk drives in <he disk drive bays 24, p^amroughopeoiogsmiheco^oectorlwartaO 
„Hlintofcecni n *eT22.1nmech^ 

to «* to tny iaiake openings 14, endis eabnustedcutto ambient tb^tnetm of tte tan wya 18. 

Aft(nJ » xl oiroBntofacob»etl00wirJ, 
Brti n«dledm8oftheatots.Oneb^diskdri^^ 

invention. One dummy drive 1 06 is installed in the device, and a second dummy drive 108 Is removed. A 
toning mechanism 120 is shown sobbed to the top of bard drive 104. Dununy drive 108 is molded wnh a 
proiscuoo 122 along the top to duplicate the shape of the latcb device 120. 

AJ can be seen from Figure 2, the hard drive bay 24 nntheright with 3 open hard drive slots is largely 
empty when compart with the bay on the left in which ^lbeslo«sie filled. Air being p«^a^^ to 
griU 31 in tbe door 30 by n» fan <Hveo c«,ling system w^ 
wcmWd^f- flow thruu^ the large 

ncroae ftmctiooal hard drive, where the cooling is nneoedF^aisadrawingofeahnrerlOOlnwluebS 

tay drives sm installed arm I slot to en^ 

COTfl8VI ^.how n inF,gu re ^ 

slots occupied by either a functional hard drive 10J cs a dummy drive 106. 

tocertameinboiiinKW.atlumnvdr^ 
Maemblywimtnecc^neotome^ledorrer^ 
fl o BBa «i»-v*orkn».to^ 

The bald drive assembly would thus have me outer shape of a disk drive and would be- effective in the practice 
of me present overturn. Dummy drives 1 06 may also be nwldedfitmi»li>e^iven«rKrisl,suchma 
pl^mc. a rnetnls polymer, a polyf»m pUmc, a polystyrene or even expanded polystyrene material Tbe 
mneriu nmy piefe^ly be flm« retardiw ao as to 
in^ a cmnpira sysiera It is an object of tbe p^ 
*»t to easily teplacedasl^drivm are a«|^ 

dummy drives disclosed hciria.. 

The dummy drive, n-y be designed to tbe appcamnce of taction^ 
bracket carrier, bnch or other attachincnft to the tod drive n .«*ly. As shown in Figure 2, a project 122 
tbat siibsianrially dapllc^ a totching m^ 

, noptMlly nged for bard drive installations, metaling a braclcets or carried niaysleote^ 
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ihe dummy drive. A dummy drive may alao include written instructions maided into or attached to each dummy 
drive to expLm. itisullanon, removal and/or replacement of the dummy drive. aa neceaiary. 

WmTe me devices of mis invention have been deasribod in terms of pirfened embodiments, it will be 
spp.rcmtotWofskmiiitfae^^ 

without departing trom tto concept, spirit and scope of me invention. More apociflcaliy. it will to apparent mat 
ccitwn equivalent snurtuxes and method., may be substituted for those described herein while the wme « 
aimilar results would be achieved All *ucb similar substitutes and modifications apparent to those stilled in the 
art « deemed to to wham the spirit, scope «nd except of the mventionwdeS^ 
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WHAT IS CLAIMED IS; 

a disk drive a lot, configured CO contain a disk drive; 
5 aaairflowcoolmgsys^ 
slot* 

a dummy drive nwunted wi*m eaid dift drive dot ^ coofigmed to substnn^ <N»Bea» *e lir 
flow reauwoce of a functional disk drivs mounted within said dfak drive slot 

10 2. The dan, proa^mg system of clann 1. whercn »id jystem comprises b plurality of disk drive 9 k>te. 

3. Tne *aa processing system of clam 1, wherrin Slid disk dnv<= slot u combined in B computer 

4. TbcdaJzprtKe^gcyfnemofcWlwh^ 
15 configured to connect to a computer. 

5. The datm processing sy*em of claim 4. herein said data storage device conrpriscs a deskside tower 
cabinet 

20 6. TUB data processing system of claim 1, wtocin said system comprise* a plurality of didc drive 
connecton configured in a "redundant amy of inexpensive disks' (RAID) diflk array. 

7. The data procewiog system of claim \, wherein said system comprise* a plmalhy of disk drive 
comiectort configured in a *jnst a box of disks" (JBOD) array. 

25 

S. The daupxoce&ai^ system of claim 1, waerein said dunn^ 

9. Thr rial* processing *y*t«n of clakn 1. wherein said dummy disk is disposable after mc, 

30 10. The data processing system of claim 2, wberein each of said plurality of disk drive skits contains a 
functional hard drive dt a dummy disk, 

11. The aWrm^ceswng system 

35 12. The data processing system of claim 1, wherein said dummy disk comprise* polystyrene, 

13. The data processing system of claim I , wherein said dummy disk drive is configured to substantially 
chmlieate the three dmcnsicnal geometry of a runcrional disk drive and moinjimg hardware. 
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14. A computer system comprising; 
an external data storage cabinet configured to contain a plurality of disk drives; 
an air flow cooling system configured to cool said diik drives; and 
oDcormurc crummy diito conrlgu^ 
whnciiiciKhofsaido^orir^ 

the air flow resists^ of a r^^ 

15. Urn cmnputer system of Claim 14, therein said external dam storage cabinet comprise* a Redundant 
array of inexpensive disks" (RAID) configuration, 

16. The computer system of claim 14, wherein said external dam storage cabinet connffiaes a phmliiy of 
diak drive connectors comprise a "just a box Of disks" (IBOD) tttnfigurauop- 

17. The computer system of cUim 14. wherein said one ox more dummy diaks comprise a mokie4porymer 

18. TUcomimieriyBto 
subrfairiallyat^ 

said cabinet. 

20 19. A data storage cabin* cemfitf^ 

to cemtxin a plurx% of disk dxivca and laid cabinet comprising; 

an air flow cooling system configured to cool gaid disk drives; and 

one or more Ainmry diaks co^ 

wherdn eaca of said one otr r^ 
25 the air Clow resistance of a functional disk drive mounted In said cabinet 

20. Tne data storage cabinet of claim 19, wherein said cabinet comprises a ^hmdant array of inexpensive 
disks" (RAID) configuration. 

30 21. The data storage cabinet of claim 19. wherein said external data storage cabinet cmnpriaes a plurality 
of disk drive connectors comprise a "just a box of disks" (JBOD) configuration. 

22. The data storage cabinet of claim 19, wherein said one or more dummy diaks comprise a molded 
polymer. 



35 



23. The data storage cabinet of claim 15, wherein said one or more dummy disks are configured to 
substaritiaUy plicate 
said cabinet 
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